objective. To quantify the different behavioral components of healthcare workers' motivation to comply with hand hygiene in a healthcare institution with a 10-year history of hand hygiene campaigning.
Hand hygiene is recognized as a primary determinant of the incidence of healthcare-associated infection and the crosstransmission of nosocomial pathogens, but compliance rates among healthcare workers (HCWs) are often less than 40%. 1 Multimodal interventions have the greatest chance of successfully improving adherence to practices. 2 As in many other health-related areas, beliefs, attitudes, and perceptions influence HCWs' hand hygiene behavior. However, the inability to achieve sustained, high-quality performance of hand hygiene suggests that changing this behavior is complex. 3, 4 Rather than taking an empirical approach to improve hand hygiene adherence, we might seek insight into the motivational factors driving this behavior, to shape further promotional interventions and obtain better outcomes. 3 The Theory of Planned Behavior 5 is the most widely applied model in which attitudes, subjective norms, and perceived behavioral control combine to predict a given behavioral intention and, thus, a given behavior. The theory has already been applied to hand hygiene behavior, with some success. 3, 6, 7 In brief, the model postulates that the intention to perform hand hygiene is influenced by 3 separate factors and their belief antecedents: (1) beliefs about outcomes produce a favorable or unfavorable attitude towards hand hygiene (attitude), (2) beliefs about the expectations of others who are perceived as important lead to social pressure to perform hand hygiene (subjective norm), and (3) control beliefs give rise to perceived behavioral control. Intention therefore translates into action that can be assessed by direct observation of hand hygiene, the consumption of hand hygiene products, or self-reported adherence. Demographic factors and previous life experiences help to form personal beliefs and represent the most distal component of the model. We performed a large-scale survey of HCWs' experiences and the perceived cognitive antecedents of hand hygiene behavior to identify the relevant internal and external motivational factors that lead to better hand hygiene among individuals in different professional categories.
methods

Setting
The University of Geneva Hospitals (Geneva, Switzerland) include a 2,200-bed primary and tertiary care university hospital that serves a population of approximately 800,000 and has 47,000 admissions annually. In 2005, there were approximately 10,000 employees, which included 1,490 physicians, 3,328 nurses, and 1,103 nursing assistants. Beginning in 1995, staff members in the acute care sectors were exposed to a multimodal hand hygiene promotion campaign 2 that later became a template 8 for many other similar campaigns worldwide. 1, 2, 7, [9] [10] [11] [12] Since 1994, alcohol-based hand rub has been widely available to staff in the form of pocket-sized bottles, and it is used almost exclusively throughout the hospital as the agent of choice for hand hygiene. 2 In 2003, a program applying a social marketing strategy was initiated for homogeneous implementation of standard precautions and isolation precautions under the registered trademark of VigiGerme. Hand hygiene was once again promoted as an element of standard precautions. This program was ongoing at the time of the present study.
Participants and Sampling Strategy
The study was conducted in October 2005, and it targeted physicians, nurses, and nursing assistants. We selected a random sample from each professional category by using a coin toss to select one of two HCWs from each pair of names on an alphabetical list. Of 5,921 eligible staff, 2,961 received a self-administered paper questionnaire at their workplace by internal mail. An envelope was supplied for anonymous return to the infection control program by internal mail. A reminder to respond was sent to all participants 2 weeks after distribution. The institutional review board approved the study as part of the infection control quality improvement program; signed informed consent was not judged necessary.
Questionnaire design and data collection. We followed guidelines from social cognitive theories applied to healthrelated behaviors [13] [14] [15] in the construction of the questionnaire, notably the Theory of Planned Behavior. 16 Most questions were drawn from questionnaires used previously in our institution. 7, 17, 18 The questions and their relation to the Theory of Planned Behavior model are shown in the Figure. The questionnaire was pilot tested with 120 respondents before it received final approval.
Experienced technicians performed data entry by use of character recognition scanning hardware and software (TeleForm; Cardiff). Conflicting results were checked manually and corrected or entered as missing values, as appropriate. Data analysis. As described elsewhere, 7 we assessed the demographic characteristics and cognitive factors associated with self-reported adherence to hand hygiene ( Figure) by using single choice item lists and 7-point Likert scales . The last 2 points of the scale closest to the positive evaluation of the perspective in the item were considered positive responses; all other points were classified as negative responses. 7, 19 For multivariate analysis, a model was designed to measure the independent role played the following factors: sex; age greater than 40 years; staff level; years at the institution; training in hand hygiene; participation in a previous hand hygiene campaign; having been observed for hand hygiene adherence; perception of the severity of healthcare-associated infections; perception of the efficacy of hand hygiene; the perceived expectations with respect to hand hygiene of superiors, colleagues, patients, and the person believed to be most influential; the perceived priority of hand hygiene for senior management; the perceived adherence of colleagues; the perceived effect of setting a good example for others; and the effort required to perform hand hygiene. The outcome variable was self-reported good hand hygiene adherence, defined as performance of proper hand hygiene during 80% or more of hand hygiene opportunities. Additionally, separate multivariate analyses were performed for nurses, nursing assistants, and physicians. Binary logistic regression analyses were performed with SPSS software, version 10 (SPSS). Questionnaire content and applied cognitive behavior model in relation to the Theory of Planned Behavior. The questionnaire was distributed to healthcare workers at the University of Geneva Hospitals, October 2005, and the cognitive behavior model was adapted from Conner and Norman. 13 mediate-level staff, and 736 (76.0%) were junior-level staff (question 4). For physicians, the junior, intermediate, and senior staff levels correspond to intern, resident, and attending physician, respectively. For nurses, these staff levels correspond to registered ward nurse, charge nurse, and nurse manager, respectively.
Of 1,030 respondents who provided information about duration of professional experience, 579 (56.2%) reported more than 10 years of experience (question 5); of the 1,039 respondents who reported their years of experience at this institution, 409 (39.4%) reported more than 10 years (question 6). A total of 994 respondents provided information about their departments; the departmental distribution of respondents was as follows: gynecology-obstetrics, 42 respondents (4.2%); intensive care unit, 95 (9.6%); internal medicine, 153 (15.4%); surgery, 104 (10.5%); outpatient clinics, 77 (7.8%); pediatrics, 122 (12.3%); psychiatry, 155 (15.6%); radiology, 23 (2.3%); rehabilitation, 132 (13.3%); and others, 91 (9.2%) (question 7). Familiarity with hand hygiene practices was indicated by 780 respondents (75.5%), who reported having received formal training in hand hygiene (question 8). A total of 786 (76.8%) reported participation in a previous hand hygiene promotion campaign (question 9), and 134 (13.3%) had already heard about the Swiss Hand Hygiene Campaign (question 10). Furthermore, 205 (20.0%) recalled having been observed for their adherence to hand hygiene practices during 2005 (question 11). Table 1 shows HCWs' beliefs about the frequency, severity, and impact of healthcare-associated infections, as well as their beliefs about the perceived effectiveness of hand hygiene, perceived social pressure, and perceived self-efficacy. Overall, 52.3% of respondents perceived the percentage of patients with healthcare-associated infections to be greater than 15%; this was true for 46.1% of physicians, 52.7% nurses, and 62.5% nursing assistants. Compared with individuals from the other professional categories, a greater percentage of nurses believed that healthcare-associated infections result in prolonged hospital stays, that good hand hygiene adherence can prevent a significant percentage of healthcare-associated infections, and that healthcare-associated infections have se- vere consequences for patients. A greater percentage of physicians, compared with nurses and nursing assistants, believed that more than 5% of patients with a healthcare-associated infection will die from their infection. Perception of a positive safety climate with respect to hand hygiene was higher among nurses, and a total of 31.3% of nurses considered hand hygiene to be a top safety priority for senior hospital management (question 18), compared with 24.1% of physicians and 30.9% of nursing assistants. Patients' expectations had the greatest influence on HCWs' normative beliefs, with no significant difference observed across professional categories. However, compared with respondents in the other professional groups, physicians reported less social pressure from superiors, colleagues, and individuals perceived to be influential. No significant difference was found among professional groups with respect to respondents' perception of the impact of their own hand hygiene behavior on that of their colleagues (question 24). Perceived self-efficacy was greatest among nurses, followed by nursing assistants and physicians.
The median overall self-reported rate of adherence to hand hygiene guidelines was 90% (interquartile range [IQR], 80%-90%) on a 10% stepwise scale. Physicians estimated their rate of hand hygiene adherence to be 80% (IQR, 70%-90%), nurses estimated their rate of adherence to be 90% (IQR, 80%-90%), and nursing assistants estimated their rate of adherence to be 90% (IQR, 80%-100% tified the following independently associated factors: female sex, previous training in hand hygiene, participation in a hand hygiene campaign, the expectations of colleagues, perceived good adherence in colleagues, and a perception that relatively little effort was required to perform hand hygiene.
In the separate models for the 3 professional categories, strong control beliefs and strong normative beliefs were the most consistent explanations for self-reported good adherence (Table 3 ). The belief that relatively little effort was required to perform hand hygiene was the strongest independent predictor across all HCW categories. Perceived patient expectations appear to motivate physicians in particular, whereas nurses are very responsive to training and campaign exposure.
discussion
Consistent with the long-standing history of successful hand hygiene promotion at our institution, 2, 12, 20, 21 most respondents reported having been exposed to hand hygiene promotion and training and several to direct observation of compliance. Behavioral beliefs in favor of hand hygiene seemed to be very strong. Respondents generally judged the frequency, severity, and impact of healthcare-associated infections to be greater than that suggested by published surveillance data and even greater than findings from surveillance conducted in our own hospital. Moreover, the perceived benefit of hand hygiene was quite great among HCWs in our institution; almost 75% believed that good hand hygiene could prevent at least 50% of healthcare-associated infections. From a societal marketing perspective, hand hygiene has a high profile as a product and is considered a powerful patient-safety tool by potential consumers. 22 This correlates well with respondents' strong appreciation for the safety climate at our institution; almost 30% of all HCWs surveyed considered hand hygiene to be among the chief executive officer's prime priorities for enhancing patient safety.
As a further determinant of the intention to comply, 16 normative beliefs were also favorable with respect to hand hygiene, and well over half of the respondents perceived high expectations in this regard from their superiors, colleagues, and, even more so, from patients. The important impact of role models has been shown with students, whose adherence was strongly influenced by their mentors' attitude at the bedside. 23 This aspect has been strongly emphasized in a previous study among physicians at our institution. 7, 18 Of interest, patient expectations are apparently a strong motivation for HCWs' performance of hand hygiene. [24] [25] [26] Patient empowerment has not been explicitly promoted in our institution, but on the basis of these results, we are now investigating ways to do so in the future.
The third component that determined intention to comply with good hand hygiene practices was control beliefs, which we assessed in terms of HCWs' perception of the amount of effort needed to perform hand hygiene. The belief that hand hygiene required relatively little effort was consistently associated with good adherence. This probably reflects the widespread availability and acceptance of alcohol-based hand rub at the point of care in our institution, in the form of pocketsized bottles carried by staff members. 7 The introduction of hand rub in this form was clearly associated with increased adherence some 10 years earlier at our institution, 2 and hand rub consumption per patient-day has increased continuously ever since. 12 Interestingly, the key perception of the basic problemhealthcare-associated infections-and the perceived high efficacy of the solution-hand hygiene-were not independently associated with a high self-reported rate of adherence in the overall multivariate model or in the individual models for physicians or nurses. HCWs seem much more driven by normative beliefs (ie, perceived social pressure) and control beliefs (ie, perceived easiness of the task) than by beliefs about infections and their prevention. The same phenomenon was previously reported among nurses in charge of neonates in our institution. 18 We argue that a highly repetitive task, such as hand hygiene, can be habit-forming, and the reason to perform it may become less important than the related practical issues and the emulation of peers.
Another possible explanation could be that the questions about beliefs in our questionnaire (and other survey instruments) restricted health outcome beliefs to those regarding patients; that is, they did not include the respondents' beliefs about himself or herself. The latter beliefs might have a stronger impact on hand hygiene behavior. This hypothesis is supported by the observation that hand hygiene is more willingly performed after patient contact or aseptic procedures, rather than before contact, which would be more effective for the patient. 2 Others found that HCWs' beliefs about negative outcomes for themselves influenced their behavior just as strongly as their beliefs about negative patient outcomes. 27 Furthermore, we found that more basic factors, such as female sex, have an independent impact on HCWs' reported intention to perform well. Sex might, in fact, confound many of the reported results of nurses performing better in hand hygiene than physicians (who are often predominantly male), but this factor has rarely been investigated as a predictor of hand hygiene adherence. 28 This issue might merit greater attention in future research and would probably correspond to requirements for market segmentation in a promotional marketing campaign. 29 Cognitive behavior models have previously been used to explain hand hygiene behavior. 18, 30, 31 In a study based on the Theory of Planned Behavior, O'Boyle et al. 27 found a low correlation between self-reported and observed compliance. The latter was more strongly determined by actual workload on the ward at the time of observation. Using structural equation modeling, they succeeded in fitting a highly predictive model for the HCWs' intention to adhere to well-defined hand hygiene guidelines. 27 As in the present study, control beliefs were the most prominent predictors of intention to adhere to good hand hygiene practices.
Pessoa-Silva et al. 18 used a questionnaire derived from the Theory of Planned Behavior derived to evaluate the motivational factors associated with self-reported hand hygiene behavior in a neonatal intensive care unit prior to a promotional intervention. Multiple logistic regression was used to evaluate proximal components for their prediction of selfreported optimal hand hygiene adherence, including the following: attitude toward hand hygiene, the perceived ease of complying with hand hygiene, subjective norms, the behavioral norm, adequate perception of risk of transmission, and motivation. After summing the scale results by type of hand hygiene indication and transformation in binary variables, a logistic regression model was used to explain self-reported adherence. Not unlike the findings in the present study, intention to comply was associated with perceived control over hand hygiene and a positive perception of how much superiors valued hand hygiene.
Pittet et al. 7 employed individual observations as well as a questionnaire containing elements of the Theory of Planned Behavior to evaluate determinants of physicians' hand hygiene behavior. They used a multivariate logistic regression model to relate the intention to adhere, the perception of knowledge about hand hygiene indications, the attitude toward hand hygiene, the perceived behavioral norm, the perceived subjective norm, the perceived difficulty of adherence, the perceived risk for cross-transmission, and motivation as independent variables, in addition to other demographic characteristics and external factors. The awareness of being observed, the belief that one is a role model, and a positive attitude towards hand hygiene after patient contact were the cognitive factors that were independently associated with good observed hand hygiene performance.
Recently, Whitby et al. 31 used the Theory of Planned Behavior to explain inherent and elective hand hygiene behavior in 2 different populations, HCWs and individuals in the community. They applied multivariate linear regression modeling with scales summed per cognitive construct. Community behavior, attitudes, perceived peer behavior, subjective norms, and perceived effort involved in the elective in-hospital intention to wash one's hands independently explained 64% of elective in-hospital hand washing events. In contrast to our findings, all 3 proximal components of the Theory of Planned Behavior were independently associated with intention to adhere. Conversely, behavioral control was only weakly linked to the intention to perform hand washing. Importantly, however, facilitated action by systematic recourse to the use of alcohol-based hand rub was not studied. The disparity in study populations, types of question, analytical methods, and primary objectives with respect to these 4 studies-in addition to the present study-is substantial enough to at least partially explain the differences in study outcome and render comparison futile.
The most important limitation of our survey is that it did not measure respondents' actual adherence to hand hygiene practices. However, according to cognitive behavior models, self-reported adherence is an accepted surrogate because of the cost of large-scale observations and problems with the confidentiality of the results. 16 Moreover, as we converted selfreported adherence into a binary variable, subtler bias was probably eliminated. Self-reports are known to overestimate true adherence rates. 27, 32 Ordinal differences between professional categories, however, were consistent with published data, a fact that strengthens the assumed link between selfreports and actual performance of the task. Moreover, selfreports predicted observed adherence in an earlier study conducted at our institution. 7 The response rate was reasonably good (35.2%). Hence, responder bias remains a worrisome possibility. Self-administration of the questionnaire might have distorted the results towards more socially acceptable opinions and behavior. The fact that this survey was anonymous should, however, have limited this bias.
Finally, the results of our study are limited to a single institution with a very specific past experience of repeated hand hygiene campaigns. This clearly limits the applicability of the results to a wide range of settings. Our situation might, however, become more widespread, given the current ongoing promotional activity worldwide. 33, 34 In conclusion, behavioral, normative, and control beliefs were strongly in favor of hand hygiene at our institution, but only the normative beliefs (ie, perceived expectations regarding hand hygiene adherence) and the control beliefs (ie, perceived effort involved in hand hygiene) were independently associated with good adherence in the overall population. Additionally, female sex, receipt of training, and perception of campaign exposure further explained a high self-reported rate of adherence. Among physicians, patients' expectations were an additional independent contributor to self-reported good adherence rates. These findings add to the accumulating body of literature showing that interventions should be multimodal and include facilitated access to tools for hand hygiene (ie, alcohol-based hand rub) at the point of care. Finally, one of the major research challenges in this area is to develop and validate a mathematical model in which the rate of selfreported adherence can be used to estimate the rate of actual adherence.
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